Objective: The aim of this study was to evaluate pre-, intra-, and postoperative anesthetic parameters in endoscopic strip craniectomy in order to improve anesthesiological care.
The treatment of craniosynostosis was provided by the Craniofa- Preoperatively, all patients were thoroughly clinically screened by both the anesthesiologist and surgeon. Also preoperative Cephalic Index, 3D photogrammetry, and hemocytometry (hemoglobin, hematocrit, erythrocyte count, MCHC, MCV, MCH, RDW, and thrombocyte and leukocyte count) were performed.
The operation room was checked and prepared according to our protocol for patients under 18 months of age. Anesthesia was induced in supine position with sevoflurane 6% or intravenously with propofol. Two peripheral intravenous cannulae were placed. Thereafter, an i.v. infusion with glucose 3.3% and NaCl 0.45% or later Ringer's lactate was started and antibiotic prophylaxis was given. Infusion rate was based on the basal fluid need of each patient, which is 4 mL/ kg/h for patients with a body weight between 5 and 10 kg according to the Dutch Association of Anaesthesiology (NVA) fluid protocol. 8 Endotracheal intubation was performed after the administration of rocuronium or suxamethonium. Preoperative parameters that were analyzed in this study are: demographic data, length and weight of the patient, comorbidity, American Society of Anesthesiologists (ASA) classification, and hemoglobin and hematocrit serum levels.
Standard intraoperative monitoring was used. The infants diagnosed with trigonocephaly, frontal plagiocephaly, and brachycephaly were placed in supine position, stabilized in a vacuum mattress, with the head contralaterally rotated (in plagiocephaly and brachycephaly) or in a neutral position (trigonocephaly). The most common other position was the sphinx position for scaphocephalic patients, whereby a vacuum mattress was used to support the chin. For the prevention of pressure sores, gel pads were used instead of towels.
After achieving the right position, the incision lines were infiltrated with lidocaine (5 mg/mL) with epinephrine (2.5 lg/mL) with a maximum of 4 mg/kg lidocaine. Maintenance of anesthesia consisted of sevoflurane 2%-3% in oxygen/air supplemented with intravenous
What is already known
Minimally invasive craniosynostosis surgery shows significant surgical advantages over open surgical craniosynostosis procedures.
What this article adds
In this cohort, patients had a relatively short intraoperative course with stable vital parameters during surgery.
There was a low incidence of significant venous air embolism, and the blood transfusion rate was 21%.
fentanyl. For nausea prophylaxis, 0.1 mg/kg of ondansetron was given i.v.
Intraoperative data were retrieved from the automatically and electronically recorded anesthesia records, including: heart rate, blood pressure, pulse oximetric SpO 2 , endtidal CO 2 postoperative pain scale (CHIPPS): when the CHIPPS score was higher than 7, morphine was started and when the score decreased, morphine infusion was gradually reduced over time. 9 Morphine was started, when required, at 5 lg/kg/h and increased to maximally 40 lg/kg/h based on the CHIPPS score. Postoperatively, the patients were monitored on the general pediatric ward. According to our postoperative blood transfusion protocol, packed cells were given when hemoglobin levels dropped more than 3 g/dL with respect to the preoperative value in combination with a clinical signs of anemia (eg, pallor of skin and conjunctiva, delayed capillary refill, tachycardia, and tachypnea) and always at the time hemoglobin levels dropped under the 7.25 g/dL. Our protocol for perioperative i.v. fluids was adapted in September 2012 in order to diminish the effect of dilution on hemoglobin levels and to lower the incidence of postoperative hyponatremia. Hypotonic solutions were replaced by isotonic solutions and the perioperative infusion rate was set at 4 mL/kg/h and adapted to 3 mL/kg/h when the patient's oral intake was sufficient. Postoperative helmet therapy was started at 2 weeks after surgery.
Postoperative parameters that were analyzed are: hemoglobin and hematocrit serum levels, heart rate, blood pressure, respiratory rate, pulse oximetric oxygen saturation, temperature, pain management, and length of hospital stay. Postoperative data that were retrieved are measurements within 24 hours after surgery. Patients were operated in the morning and routine clinical evaluation and laboratory tests were performed in the evening, or the first day postoperatively.
| Statistical analyses
Data were analyzed in IBM spss Statistic Data Editor version 22.
Data are presented as mean and standard deviation. No inferential statistics were used.
| RESULTS
In the study period 121 surgical procedures were performed in 121
consecutive patients (85 males and 36 females). Most patients were diagnosed with scaphocephaly (n = 63, 52%) followed by trigonocephaly (n = 36, 30%). Besides single-suture craniosynostosis, multisutural and syndromic cases (3 Apert and 2 Muenke syndrome) were treated as well (Table 1 ).
The mean age at time of anesthesia was 3. Hemoglobin and hematocrit were measured both pre-and postoperatively. In the preoperative measurements, 13 hemoglobin measurements and 15 hematocrit measurements are not included due to missing data. The mean decline in hemoglobin level was 3.06 g/dL for a mean preoperative value of 11.28 g/dL and a mean postoperative value of 8.22 g/dL. The mean preoperative hematocrit was 32%
and postoperatively it was 24%, resulting in a decline in hematocrit level of 8%, as shown in Table 2 .
In 34 patients, the SpO 2 dropped below 90% and in 7 patients, the saturation dropped under 80%, with a lowest value of 70%. Earlier data on postoperative morphine administration were lost due to the change in the patient information system. In these 16
patients, morphine was infused at low speed (mean of 4.5 lg/kg/h) for a maximum of 48 hours.
No postoperative neurological complications were reported and no mortality occurred.
| DISCUSSION
Endoscopic strip craniectomy has been the standard of care for patients under 6 months of age in our center. Literature has shown satisfying functional, surgical, and cosmetic results. 3, 4, 7 In this study, we found that the duration of anesthesia is relatively short, blood loss is small with no occurrences of VAE, very low requirement for ICU admission, and a short hospital stay without major postoperative anesthesiological complications.
Open cranial vault reconstruction procedures are major surgical
procedures that last about 4-6 hours with high transfusion rates and a length of hospital stay between 3 and 5 days. [10] [11] [12] Duration of surgery and duration of anesthesia in this study were relatively
short compared to open surgical procedures. A lesser duration of surgery and a flawless anesthesia induction and awakening is not only cost-effective but may also be safer for the patient, since average neurodevelopment scores were lower among children at the age of 6 months treated for single-suture craniosynostosis who experienced longer surgical duration and higher exposures to inhaled anesthesia. 13 In earlier research, dural tear was the most common intraoperative surgical complication 7 ; since this had little influence on the duration of anesthesia, this parameter was not included in this research. The relationship between timing of craniosynostosis treatment, type of surgery, duration of surgery, and anesthetic exposure is currently not clearly defined; therefore more research is needed in order to draw founded conclusions regarding neurodevelopment.
The first choice of endotracheal intubation was via the oral route. However in 23 cases, endotracheal intubation via the nasal route was performed. Most of the nasal intubations were performed in patients operated in the sphinx position. In this position, endotracheal intubation via the nasal route has advantages over the oral route, since oral tubes tend to luxate more easily than nasal tubes. 5, 14, 15 This also applies to the brachiocephalic patient since this patient needed to be repositioned during surgery.
Most of the SpO 2 drops in this study occurred during induction or awakening. During these phases of anesthesia, the young patients are often agitated which leads to artifacts in SpO 2 measurement or disconnection of the transducer. This could have led to an overestimation of saturation drops in this study.
The mean blood loss of 35.4 mL (5.7 mL/kg) was slightly higher than is reported for endoscopic craniosynostosis surgery in literature and so is our blood transfusion rate. 5, 6, 15 The measured blood loss should be considered as an estimated blood loss, since the precise amount of blood loss is hard to determine. Although the amount of blood loss was correlated with higher transfusion rates, it is questionable if all transfusions given were the direct result of blood loss. Infection can have a significant effect on transfusion rate. In this study, only 1 patient with postoperative infection was transfused (20%). However, numbers are too little to prove causality. Since only 1 transfusion was given intraoperatively, we think that we had to deal with a significant part of patients that were transfused due to hemodilution. Our assumption of hemodilution is based on the fact that our transfusion rate dropped to 7. Furthermore, they state that patients with a body weight less than 5 kg have a higher risk for blood transfusion, but in this study there was no relevant difference in body weight between the transfused and nontransfused group, respectively 6.1 kg and 6.3 kg. Nevertheless, patients need to have good venous access intra-and postoperatively and crossed blood products need to be determined preoperatively. Another risk in patients that received PRBC is the risk of metabolic disturbances, especially the incidence of hypocalcemia and hyperkalemia, since potassium levels rise in stored PRBC. 16 However, in this study no metabolic disturbances were measured which is probably due to our strict PRBC storage protocol. The maximum days of storage for a PRBC that are transfused to pediatric patients is 16 days, but the mean number of storage days at the time of transfusion was only 5 days. This means that potassium levels are relatively low in these PRBCs.
Van Uitert et al 17 stated that the best time to do surgery, in order to reduce blood transfusion rate, is after 6 months, after the nadir of hemoglobin, but before the bone deformity gets too extensive because of skull growth and continuing ossification of the dura after birth. lacks in methods and defining their effects on complications is the first step in continuing our study in a prospective design. For example, by combining the directly measured blood loss with a calculation based on a formula. 22, 23 The main missing values were preoperative hemoglobin and hematocrit levels (n = 15), intraoperative fluid administration (n = 12), and postoperative morphine administration (n = 105). Most data were missing due to different intra-and postoperative patient recording systems and the implementation of a new recording system during the study. Besides the missing data, we had to deal with different types of postoperative records, ie, most of the time it was reported that the vital parameters were within the normal range without reporting the exact values. In these cases, the patient was assigned to the normal value group.
Besides, this study is only an evaluation of our first 121 endoscopic strip craniectomy patients and does not compare endoscopic strip craniectomy to open reconstruction procedures, which means that no hard conclusions can be drawn about any (dis-)advantages regarding these techniques.
| CONCLUSION S
This report is a retrospective single center's experience including 121 endoscopic strip craniectomy cases over a 9-year period. These patients had a relatively short intraoperative course with stable vital parameters during surgery. We report a low incidence of significant venous air embolism, a blood transfusion rate of 21%, and only minor perioperative disturbances in vital parameters. In order to determine safety of endoscopic strip craniectomy, more data from large prospective trials are required.
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This study about the anesthesiological course is part of a bigger research project and contains some data from earlier published research regarding the surgical technique, since these data are essential for evaluating our anesthesiological course (blood loss, transfusion rate, and postoperative infection). Publishing all data in one paper would result in a manuscript too extensive and heterogeneous for either an anesthesiological or surgical journal.
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